Summary. The aim of the present paper was to outline the major achievements in larval fish rearing and, when Introduction.
Introduction.
It is not easy to estimate the nutrient requirements of larval and juvenile fish by traditional nutritional methods and procedures such as standard, semi-purified or commercially-formulated diets which do not support the growth of the larvae of several fish species. The interactions of various macro and micro-nutrients in compound diet formulations for adult fish appear to be of little help when studying the requirements of larval stages. The morphological, histological and functional aspects of larval fish development show that, during a short period of ('&dquo;) (Flbchter, 1982 ; Dabrowski and Kaushik, 1982 ; Tacon, 1981) has related unsuccessful larval rearing with a lack of the essential dietary elements.
In the last 2 to 3 years, there has been an increase in the literature dealing with the different aspects of larval fish rearing. The most useful studies concern the physiological aspects of digestive tract morphology and the biochemical characteristics of zooplankton, the natural food of the larvae. The larvae of several species are highly dependent on behavioural performance and a knowledge of these aspects is obviously essential to intensive hatchery techniques. Finally, dry compound diets have been much improved in the last few years and, in some cases, have ensured appreciable success in the rearing of larval fish. However, there is still much to be learned in this field.
Since these topics appear to be important in larval fish nutrition and they have not been reviewed recently, the present article discusses new literature on these subjects with additional recommendations for future research.
I. The problem of the origin of fish larvae.
The nutritional status of the mother fish influences the chemical composition of the yolk sac material serving as endogenous food for the metamorphosing fish larvae (Stroband and Dabrowski, 1981) . Shimma and Tsujigado (1981) , using an activity index as a criterium of survival time during starvation in Sebastes marmo!atus, have shown that the larvae with higher indexes had better survival rates in the feeding experiments. A relationship was found between the survival index of starving larvae and the weight of the fatty tissue in the abdominal cavity of the female (r = 0.3637, n = 43).
Although dietary fatty acids are very often a primary cause of the unsuccessful rearing of marine fish larvae (Watanabe, 1979) , Yu et al. (1979) indicate that when mature rainbow trout grown from fish of 0.43 g initial individual weight were fed on diets containing either linolenate or linolenate + linoleate, the fertilization rate of the eggs of the groups was not different.
Furthermore, the groups did not differ in the percentage of viable fry or in the growth and mortality of second generation fry up to 3 months.
Properly-matured ovulated carp eggs do not differ greatly (9.6 %) in diameter and their size is not correlated with the survival of the embryos. The size of the eggs does not affect their survival up to the stage of embryo formation ; these data are based on the examination of 172 females (Zonova, 1973) . Eldridge et al. (1982) demonstrated that egg size in striped bass (Morone soxatilis) influences only the early period of growth up to the beginning of feeding. The larvae from the smaller eggs showed later compensatory growth. The instantaneous growth coefficient resulting from feeding larvae at different food concentrations was double in those from eggs ranging between 210 and 373 pg in initial size. Compensatory growth has already been shown in salmonid fish, but this recent evidence from studies on warm-water fish argues for taking more caution in directly relating egg size to larval vitality.
II. -Behavioural constraints in the feeding performance of fish larvae.
Environmental factors like water temperature, salinity, light intensity and colour, day/night periodicity and water quality all influence feeding behaviour but will not be reviewed in this article.
The most intense growth in larval fish occurs in the posterior part of the body (Fuiman, 1983) , promoting increased swimming performance in early life. Khono et al. (1983) have documented ontogenic changes in the swimming and feeding functions of marine fish larvae. The sequential development of the fin-fold and the fins suggests that, at a certain size, the larvae change their mode of swimming from that using a so-called cruising speed and occasional sinuous feeding posture (Hun!er, 1980) to that of active caudal propulsion. This change is accompanied by a transition in feeding from swallowing the prey to biting them. Hartman (1983) studying freshwater fish larvae came to a similar conclusion independently and proposed some early-life feeding strategies, skill and swimming speed ; he found that survival was first limited by the mode of feeding, followed by mouth size and finally by the size of the available food particles. Several arguments support these three factors of feeding behaviour in larval and juvenile fish, but there are also exceptions to these arguments.
Other senses than visual perception and postural ability are involved in larval feeding behaviour. Walleye larvae do not ingest copepod nauplii and reluctantly accept rotifers when given in high density (Mathias and Li, 1982) . The dinoflagellate, Gymnodinium splendens, is accepted as a preliminary food by the larvae of several marine fish, but their depressed growth rate after several days cannot be solely explained by comparing the energy value of the food and the energy needs of the growing fish (Hunter, 19801 . Several marine fish larvae utilize and grow well on protozoans, rotifers (Divanach and Kentouri, 1982) and copepod nauplii (Houde and Schekter, 1983) .
Mouth size is a sure criterium to consider when feeding larval fish on either a natural or an inert compound diet. The mouth size of cyprinid larvae varies greatly ; estimated food sizes for silver carp, grass carp and bighead carp larvae are 50-90, 90-150 and 150-270 !m, respectively (Dabrowski and Bardega, 1984) . Common carp larvae accept much larger food particles (0.3-0.4 mm) right from the beginning . Coregonid larvae readily accept food particles 0.2 mm in diameter (Dabrowski et al., 1984 a, b) .
Chemical stimulus as a factor in the feeding of fish larvae has been less extensively studied but it might contribute to the development of a satisfactory larval diet. The larvae respond to several criteria of food-particle properties such as size, texture and flavor. Gunkel (1979) (Appelbaum, 1981) . Indirect evidence from Dempsey (1978) suggests that feeding responses in larvae are very specific ; washed and dialysed Balanus nauplii extract (molecule size : < 12,000-14,000), as well as glycine and proline, induced a response in the larvae before feeding. No response to Artemia nauplii extract was reported at this stage but a response appeared when the larvae began to feed on them (Dempsey, 1978) .
There (Zihler, 1982) . In spite of the extremely different feeding habits of this species (algae, plants, fruits, detritus, insects or fish), the overall appearance of the digestive tract is the same.
As in the case of stomach less fish, the intestine of the second group of fish larvae can be differentiated into three segments (Stroband and Kroon, 19811 (Govoni, 1980 ; Vu, 1983 (Stroband and Kroon, 1981) . In sea bass, Vu (1983) (Applegate, 1982) ; the length of pike larvae has increased from 13-14 mm to 10 mm by day 11 when the formation of the stomach is visible. Szlaminka (1980) noticed proteolytic activity in the pike stomach only 18 days after hatching.
Trypsin, chymotrypsin and aminopeptidase activities also undergo ontogenic changes in coregonid larvae (Lauff and Hofer, 1984) . Tryptic activity in these larvae is only slightly lower than that of rainbow trout, whereas chymotrypsin activity is much lower in the former species up to day 50 of life. A change in the pattern of trypsin isozymes also occurs during coregonid development, suggesting that the larval form of the enzyme disappears. Lauff and Hofer (1984) conclude that external enzymes obtained from zooplankton may contribute 70-80 % of the total enzyme activity in the fish digestive tract, confirming the earlier results of Dabrowski and Glogowski (1977) .
These results contain valuable information which must be verified in feeding experiments using denatured pepsin or even pepsin, predigested protein sources which can be used in the formulation of dry diets for fish larvae. Protease activity was also found to depend on the fish population or the strain (Torrissen and Torrissen, 1982) . Salmon fry with a significantly higher protease activity also had a higher growth rate. It may be deduced that even within a species, some strains differ in their ability to utilize compound diets.
Hjelmeland et al. (1984) were the first to introduce and measure proteolytic activity in fish using a sensitive quantitative method. By radioimmunoassay, these authors were able to follow the amount of trypsinogen and trypsin in developing cod larvae. After an initial rise in trypsinogen and trypsin following hatching, the time of the first exogenous feeding was symptomatic of a drastic drop in the amounts of the,enzymes. This low level was maintained up to 14 days after hatching, but growth was not reported in dry weight. An increase in weight between days 14 and 18 was accompanied by an increase in trypsin-like activity and in the trypsinogen/trypsin content of larvae. The fish fed diets which did not support their growth showed trypsogen/trypsin at detection levels. Hjelmeland et a/. (1984) speculated that the high trypsin activity of cod larvae allows this fish to hydrolyse 25 u g of protein per hour at a weight of 40 ji g of dry matter, but this point needs further study.
The third group of fish are those which remain stomachless throughout life ( fig. 3 ). However, this was questioned recently by Labhart and Ziswiler (1979) , at least as concerns some cyprinidonts. These authors contend that the epithelial region between the oesophagus and the intestine is histologically and physiologically similar to stomach epithelium. Bremer (1980) (see Dabrowski, 1982) .
The second part of the intestine is involved in the intracellular digestion of absorbed intact protein (Stroband et al., 1979) . However, although this ability appears to be more evident in larvae than in juveniles, Watanabe (1982) found that intracellular digestion of horseradish peroxidase took place over a relatively long time (10 hours to 3 days) in several species. This would indicate the immunological rather than the nutritional importance of the process, bearing in mind the very fast growth rate of fish larvae.
However, Ash (personal communication, 1983) observed an increase in horseradish peroxidase in the circulating blood following ingestion in common carp juveniles. This might suggest that the process of intact protein degradation is not necessarily restricted to the enterocytes which absorbed it from the lumen, but that other organs, presumably the liver, may be involved in the utilization process.
The specific activity of chymotrypsin and trypsin in carp larvae did not differ whether the fish were fed live zooplankton or a dry diet (Ragyanszki, 1980) . In the procedure applied, the zymogens were not activated during the assay, and the extension of this in vitro test to the dynamic process of enzyme secretion and digestion makes the conclusion uncertain. Lauff and Hofer (1984) show a rapid increase in the trypsin activity of stomachless roach larvae which reached a level nearly 7 times higher at day 30 when they weighed approximately 20 mg each. On the contrary, these authors did not detect chymotrypsin activity during early growth, and the sharp increase in the activity of this enzyme took place only when the fish weighed more than 25 mg. Aminopeptidease activity in roach larvae was several times higher than in coregonid or rainbow trout alevins, but a drastic increase in activity occurred after the same size was reached 30 to 40 days after the first feeding. Although these authors reported successful rearing of roach larvae with an artificial diet, it is characteristic that the increase in the activity of digestive enzymes and of those associated with the epithelium occurred when the larvae reached the size considered to be critical for cyprinids reared on commercial dry diets (Bryant and Matty, 1981 ; Dabrowski, 1984 Phytoplankton, when offered alone, has no nutritional value. Although phytoplankton is frequently encountered in the larval digestive tract during the first feeding (Lasker, 1975) , larval distribution and survival can occur only in a chlorophyll maximal layer when the phytoplankton is supplemented with microzooplankton. Dinoflagellates support the growth of larval anchovies in the longer period (Scura and Jerde, 1977) .
Moksness (1982) found that the dominant organism that capelin (Mallotus villosus) larvae feed on during the first two months of growth are the larvae of Spionidae. Veligers of Littorina appear in the gut, demonstrating a close relation to the density of these organisms in the enclosures. Watanabe (1979) (Watanabe et al., 1983) . Iron content was very variable depending on Artemia origin, but the authors were of the opinion that this was not the crucial factor in the larval fish diet.
Arginine, the major free amino acid in zooplankton, was found in amounts up to 1.43 %. Bearing in mind the specific metabolic importance of this amino acid, Dabrowski and Rusiecki (1983) Neurath, 1981) . This limits the possible role of enzymes when the functional stomach of fish reaches that acid pH (Lauff and Hofer, 1984 (Jancarik, 1964) as is the direct contribution of proteolytic activity to the autolytic processes of food organisms. The process of protein digestion in the very short gut of larval fish is an enigma. Considering the short evacuation rate of the straight larval tube, it is difficult to explain the fast growth of the larvae. Carp juveniles evacuate 50 % of ingested zooplankton within 45 min after feeding (Kaushik and Dabrowski, 1983a) ; when comparing this value of 10-mg fish to the initial larval weight of 1 mg, the zooplankton seems to have required only 30 min to pass through the intestine.
Indeed, Fossum (1983) indicated that evacuation time might not be a good criterium of the process of zooplankton digestion in the larval fish intestine. This author concludes that, although the passage time in larval herring is 12.5 to 22.5 h at 6 °C, the digestion time is much shorter, i.e. it takes 1.5 h for copepod nauplii to become transparent. The use of this criterium in estimating the digestive process in the larval fish gut is debatable, but the evacuation rate itself is certainly not sufficient for measuring food digestion. The activation time of catfish trypsinogen and chymotrypsinogen by porcine enteropeptidase at 37 °C is 1 and 2 h, respectively (Yoshinaka et al., 1981 ) .
Autolysis of cyprinid proteases during gut passage is very low (3-5 % of the total activity) (Hofer, 1982) , and it can be assumed that the activation time of larval zymogens is much shorter and/or that intestinal enzymes and zooplankton proteases are more efficient than mammalian enzymes when activated. Selfactivation of carp zymogens in optimal conditions is a long-term process (Cohen et al., 1981a) . It has been shown recently that the catalytic action of fish trypsin and chymotrypsin on specific substrates is enhanced 10 to 100 times in comparison to mammalian enzymes (Cohen et al., 1981b) or several times as concerns the proteolytic efficiency of both enzymes (Krogdahl and Holm, 1983) .
To conclude, it is difficult to draw definite conclusions as to the role of zooplankton proteolytic enzymes, but the autolysis of plankton crustacea and the activation of fish zymogens definitely contribute to food utilization in larval fish.
Another enzyme pool of physiological importance in the digestive process is that of alkaline phosphatase. Wynne and Gophen (1981) indicated that the activity of this enzyme in zooplankton is related to the quality of the ingested food, whereas acid phosphatase activity is unrelated. The activity of this enzyme has been compared in zooplarnkton and fish. Available data in the literature refer to the intestines of the common carp and catfish ; the activity of alkaline phosphatase was 50 nM of 4-nitrophenol released per mg of protein per min (25 °C) (Fraisse et al., 19811. Cvancara and Huang (1978) studying a number of fish, reported that the alkaline phosphatase activity of liver and kidney was 10-20 and 100-200 nM/mg protein/min (37 °C), respectively. However, alkaline phosphatase activity in Mesocyc%ps leucarti, recalculated to a comparable unit, was higher by several orders of magnitude than that found in fish tissues (4.10 4 to 5.10 5 nM/mg protein min-') (Wynne and Gophen, 1981) . Surprisingly, alkaline phosphatase was not detected in Bosmina longirostris. It remains to be determined if the enormous alkaline phosphatase activity of zooplankton ingested by larval fish could have some physiological significance in the digestion and assimilation processes.
I will now discuss zooplankton processed by freeze-drying. Kentouri (1981) divided several marine fish into groups according to the acceptance of frozen plankton and the growth results of the larvae. The larvae of Mugil auratus, Sparus auratus and Dicentrarchus labrax showed satisfactory growth and survival when fed frozen zooplankton. The larvae of Gobius sp. refused to hunt immobile prey, while the larvae of Trigla corax rejected the prey after examination. Although they accepted and ingested thawed zooplankton, sole and turbot larvae had a high mortality and poor growth rate ; the authors reported that these fishes were unable to assimilate the ingested food. In a study by Kentouri 119811, the frozen food was either distributed constantly at one fixed point or sporadically by a floating glass block. Medgyesy and Wieser (1982) successfully reared larval Coregonus by using an apparatus which decreased to a minimum the leaching time of substances in thawed zooplankton before it was consumed by the fish. Unsuitable distribution and the leaching of free amino acids and enzymes (Grabner et al., 1981) from the frozen zooplankton might be why Raisanen and Behmer (1982) were not successful in rearing the Canadian whitefish, C. clupeaformis. However, the results of Medgyesy and Wieser (1982) cast a doubt on the FlUchter (1982) hypothesis of the essentiality of shock-frozen zooplankton preserving a high nutritional value as compared to slow-frozen zooplankton.
It has been shown recently that not only prefeeding Artemia on algae (Bromley and Howell, 1983) but also treating the rotifer, Brachionus plicatilis, with an antibacterial drug had a highly significant effect on the survival of turbot larvae (Gatesoupe, 1982 (Cadena Roa et al., 1982) . The addition of a mixture of betaine, glycine, alanine, arginine, glutamic acid and inosine increased sole survival and individual weight after 40 days from 50.3 to 78.0 % and from 633 to 837 mg, respectively, when the amounts of attractants added were increased from 1.5 to 6.9 %.
The chemical composition of the compound diet should imitate as closely as possible the already-reviewed chemical composition of natural zooplankton. This gives a wide range of tolerance in terms of percentages of protein, lipid and minerals, but less is known about the vitamin content of zooplankton as a reference for the vitamin mixture of a dry diet. The nutritional value of zooplankton and of dietary ingredients tested on juvenile (Watanabe et al., 1983) and adult (Pigott et al., 1982 ; Gabauda et al., 1980) Microencapsulation as a way of preparing larval diets, needs to be studied further ; even the first experiment using it was not successful (Bryant, personal communication) . Sasaki (1981) (Lemm, 1983 Hodal (1983) in a successful attempt to grow eels in a recirculated system. This food was gradually replaced by a dry trout diet as the fish reached 1 g of individual weight. Rothbard (1982) has described a method of microencapsulating whole egg for a larval diet (after Chow, 1980) . No data on carp larvae growth or survival are given, but Woynarovich (personal communication, 1983) considers this method only as a preliminary measure before stocking the fish in ponds. Lyophilized hen egg yolk was found to be useless as an exclusive diet for carp larvae (Sulaiman, 1974) , and freeze-dried carp eggs, although giving a relatively high survival of carp larvae up to week 4 of rearing (30-57 %) , resulted in negligible growth (Sulaiman, 1974) . When freeze-dried and offered to carp larvae, other parts of the carp body (liver, muscle), or even the whole fish, had no value (von Lukowicz, 1977 ; Dabrowski et al., 1978) . FlOchter (1982) found that an acetone extract of Artemia, when added to a standard-formula diet, supported the growth and metamorphosis of Coregonus sp. larvae. This requires further verification ; Huse et al. (1982) were not able to confirm the use of the zooplankton extract as a successful rearing diet when fed to cod larvae on dry diet alone.
The products which have been somewhat successful so far in rearing larval fish solely on dry compound diets are single-cell proteins (SCP) . A certain kind of yeast used as the major ingredient of the diet ensures the growth and appreciable survival of several species of cyprinid (Dabrowski, 1984) and coregonid (Dabrowski et al., 1984b) Gollmann, 1981 ; Dabrowski, 1984) . An alternative to the exclusive feeding of a dry diet is to determine the « adaptation weight » of the larvae (Bryant and Matty, 1981) and then offer them dry food when they reach that size. With the diet formulation given above, the adaptation weight is about 5-6 mg for the four cyprinids studied, which means 4 to 6 days of initial zooplankton feeding. Gatesoupe (1983) (Dabrowski, 1984) . Braaten et al. (1983) (Blaxter et al., 1983) 
